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httpicense.Abstract Seven different crude oil samples were collected from two oil ﬁelds in the Niger Delta
Nigeria. The bulk properties of these crude oils which include API gravity, reid vapour pressure;
kinematic viscosity, dynamic viscosity, moisture, gum content and cloud point were analysed. Ali-
phatic biomarkers were used as supporting tool to deduce the geochemical characteristics such as
thermal maturity, depositional environments, source of organic matter and extent of biodegrada-
tion. Results show that API gravity ranged from 29.00 to 85.00, speciﬁc gravity 0.65 to 0.88,
3.00 to 9.00, reid vapour pressure 3.00 to 9.00 kPa, kinematic viscosity 0.90 to 10.10 cSt, dynamic
viscosity 0.70 to 8.90 cP, moisture content 0.13% to 26.00%, gum content 6.27 to 45.84 mg/L, cloud
point 3.00 to 12.00 C, pour point 7.00 to 4.00 C and ﬂash point <30.00 C. Distribution of
n-alkanes (Pr/Ph, and isoprenoide/n-alkanes ratios) reﬂects that the oil samples originated mainly
from terrestrial organic sources deposited in an oxic paleoenvironment.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research Institute.
Open access under CC BY-NC-ND license.1. Introduction
The Niger Delta is important in crude oil correlation studies
because it is one of the major hydrocarbon provinces of the
world, with an estimated reserve of about 23 billion barrels
of oil and 183 trillion cubic feet of natural gas [1]. Deﬁning
and evaluating exploration are helpful to characterise the35404696.
iport.edu.ng, ononed@yahoo.
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://dx.doi.org/10.1016/j.ejpe.2013.0hydrocarbon source rocks, their range of thermal maturities
and types of products generated [2].
An appreciable number of studies have been done on the
Niger Delta crude oils which include the works of [1,3–5] but
the question is, whether the hydrocarbons found within the Ni-
ger Delta basin are of the same origin. Hydrocarbons within
the basin have been found to occur at different productive
horizons at very great depth apart, The migration processes
that determined the pooling of the hydrocarbons at different
depths are yet to be clearly understood but it is known that
the properties and composition of any petroleum systems are
controlled by complex geological, physicochemical and biolog-
ical processes during generation as well as accumulation in
reservoirs.
The two ﬁelds of study are the Umutu ﬁeld and the Bomu
oil ﬁeld in the Niger Delta Nigeria. Umutu ﬁeld was termedgyptian Petroleum Research Institute.
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have been reported on the crude oil samples from these ﬁelds
since their discovery.
This paper examines the preliminary geochemical parame-
ters of these two oil ﬁelds which include bulk properties, ali-
phatic biomarkers of the crude oils and molecular ratios with
the aim of understanding the type and quality of crude oils, their
correlation, degree of thermal maturity, organic matter source,
depositional environment and subsequent alteration.1.1. Geologic setting of study area
The Niger Delta is one of the world’s largest Tertiary delta sys-
tems and an extremely proliﬁc hydrocarbon province. It is sit-
uated on the West African continental margin at the apex of
the Gulf of Guinea [6]. It occupies an area of about
75,000 km2 with clastic sequence which reaches a maximum
thickness of 9000–12,000 m of sediment and a total sediment
volume of 500,000 km3 [7].
Stratigraphically, the thick sedimentary sequence is made
up of three principal lithostratigraphic units namely, the Be-
nin, Agbada and Akata formations [8]. The Benin formation
is the alluvial or upper coastal plain depositional environment
of the Niger Delta complex. It consists of mainly ﬂuviatile
gravels and sands. It has a thickness in excess of 1820 m.
The Agbada formation underlies the Benin formation and
is made up primarily of alternating sandstones and shales
which are of ﬂuvio-marine origin. The Akata formation isFigure 1 Map of Niger Deltathe lowest unit of the Niger Delta complex. It was deposited
in a typical marine environment.
The hydrocarbon habitat of the Niger Delta is mostly with-
in the sandstone reservoir of the Agbada formation where they
are usually trapped in over anticlines associated with growth
faults.
2. Materials and methods
Seven crude oil samples were collected at stratigraphic depths
ranging from 10500 to 11200 ft in two producing ﬁelds (Umutu
and Bomu) onshore Niger Delta. The sample locations are
shown in Fig. 1. Bulk properties of seven crude oil samples
were measured and calculated using ASTM methods, i.e. Spe-
ciﬁc gravity [9], API gravity [10], pour point [11], kinematic
viscosity [12], reid vapour pressure [13] and [11], dynamic vis-
cosity [14], moisture content [15], gum content [16], Cloud
point [17] (Table 2).
2.1. Column chromatography
The crude oils were fractionated by column chromatography
on silica gel. The saturated, aromatic hydrocarbons and polar
compounds were eluted using petroleum ether (75 ml), dichlo-
romethane (75 ml) and methanol (75 ml) respectively. The
fractions were recovered by careful evaporation of the solvent
on the sand bath, followed by removal of residual solvent un-
der nitrogen gas as reported by Abrakasa [18].showing the study locations.
Table 1 Results of the bulk properties of crude oils from the
Bomu oil ﬁeld.
Parameter Unit KD 01 KD 02 KD 03
Density at 15 C g/cm3 0.87 0.85 0.88
Speciﬁc gravity 60/60 F g/cm3 0.87 0.85 0.88
API gravity 60 F  31.00 35.00 29.00
Reid vapour pressure (RVP) kPa 7.00 9.00 3.00
Kinematic viscosity cSt 5.30 4.00 10.10
Dynamic viscosity cP 4.60 3.40 8.90
Moisture % 0.13 0.20 0.38
Gum content mg/L 38.46 30.02 45.84
Cloud point C 5.00 8.00 8.00
Pour point C 17.00 5.00 4.00
Flash point C <30.00 <30.00 <30.00
cSt = centistroke, cP = centipoise.
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The saturated fractions obtained by liquid chromatography
were subjected to Capillary GC-FID analysis. Gas chromatog-
raphy (GC) analysis of the saturated fractions was carried out
using a Shimadzu 14B series Gas Chromatograph, equipped
with FID, 30 m · 0.25 mm (i.d) ﬁlm thickness 0.25 lm fused
silica capillary columns, coated with methyl silicone (OV-1).
The sample (1 lL) was injected in splitless mode by means of
a syringe through a rubber septum into the column. Detector
(FID) and injector temperatures were kept at 250 and
280 C, respectively. The oven temperature was programmed
from 60 to 280 C at 4 C/min with an initial hold time of
1 min and ﬁnal hold time of 15 min. Nitrogen at a linear
velocity of 2 mL/min was used as carrier gas. The data were
collected from retention time: 0–71 min. The chromatograms
are shown in Figs. 4–10.
3. Results and discussion
3.1. Bulk analysis of crude oils
Bulk properties of crude oils are useful for initial screening and
tentative identiﬁcation of genetically related oils (Tables 1 and
2). Speciﬁc gravity gives an idea about the presence of light and
high molecular weight hydrocarbons. The lesser the value ofTable 2 Results of the bulk properties of crude oils from Umutu o
Parameter Unit U45
Density at 15 C g/cm3 0.77
Speciﬁc gravity 60/60F g/cm3 0.77
API gravity 60 F  52.00
Reid vapour pressure (RVP) kPa 4.80
Kinematic viscosity cSt 1.00
Dynamic viscosity cP 0.80
Moisture % 11.00
Gum content mg/L 13.43
Cloud point C 4.00
Pour point C 4.00
Flash point C <30.00
cSt = centistroke, cP = centipoise.speciﬁc gravity, the higher the amount of hydrocarbons in
the Petroleum [19]. The crude oil samples from U45, U2T,
U4L, U7L have lower speciﬁc gravity than the samples from
KD01, KD02 and KD03.This implies that the hydrocarbon
content of the former samples is more than the latter samples.
API gravity is reverse of speciﬁc gravity and describes the
nature of crude oils, i.e., light or heavy. API can be used to
determine the commercial importance and the market value
of crude oils. Samples KD 01, KD 02 and KD 03 have lower
API gravity than samples U45, U2T, U4L and U7L. This also
shows that these groups of oils are lighter than the ﬁrst group
and will have a better market value than the latter.
Pour point is an import parameter used to measure the wax
content of crude oils. The pour point measures the temperature
at which a crude oil no longer ﬂows, and for parafﬁnic crude
oils, pour points are usually between 12 C and 15 C,
and are determined by operation of the dewaxing unit. The
pour points of naphthenic crude oils, which can have very
low wax content, may be much lower (30 C to 50 C).
The pour points of crude oil samples under study range from
17 C to 4.0 C. These crude oil samples are within the par-
afﬁnic base oils. Values greater than 15 C indicate that the
crude oil samples have high wax contents. Tables 1 and 2 show
that all the crude oils from the two ﬁelds under investigation
have minimal wax content. The kinematic viscosity of the
KD 01, KD 02 and KD 03 crude oil samples are higher than
those of U45, U2T, U4L, and U7L. This high value again con-
ﬁrms the presence of high molecular weight hydrocarbons in
the former groups of samples than the latter.
Reid vapour pressure (RVP) is the measure of vapours of
light weight hydrocarbons present above the crude oil surface,
the higher the value of RVP, the higher the percentage of light
hydrocarbons in the crude oils samples. KD 01, KD 02 and
KD 03 samples have higher values of RVP than samples
U45, U2T, U4L, and U7L indicating that they contain more
light hydrocarbons than the former group of samples.
The ﬂash point measures the temperature at which there is
sufﬁcient vapour above a liquid sample to ignite and is a signif-
icant feature in product applications where it is used as a com-
mon safety speciﬁcation. Flash points are reﬂections of the
boiling point of crude oils samples. The ﬂash points of the
crude oil samples under study are less than 30.00 C.
In crude or heavy oils, cloud point is synonymous with wax
appearance temperature and precipitation temperature. It is a
speciﬁc temperature where crude oils or petroleum productsil ﬁeld.
U2T U4L U7L
0.78 0.65 0.76
0.78 0.65 0.76
50.00 86.00 55.00
4.70 5.70 4.90
1.10 1.20 0.90
0.90 0.80 0.70
11.00 12.00 12.00
13.14 15.13 6.27
3.00 9.00 12.00
17.00 1.00 3.00
<30.00 <30.00 <30.00
Table 3 Various aliphatic biomarker ratios.
Sample Pr/Ph Pr/n-C17 Ph/n-C18 nC25/nC18 CPI (Pr + C17)/(Ph + C18)
UMT 2T 4.05 0.56 0.16 0.53 1.01 1.52
UMT 7L 2.31 1.30 0.16 0.49 0.72 1.52
UMT 45 2.31 1.35 0.65 0.67 1.08 1.58
UMT 4L 1.88 0.77 0.42 0.64 1.02 1.26
KD 01 3.36 0.48 0.16 0.40 1.09 1.40
KD 02 3.44 0.45 0.16 0.38 1.02 1.53
KD 03 3.40 0.44 0.16 0.37 1.04 1.50
Ph/n-C18
Figure 2 Cross plot of Pr/ nC17 versus Phy/nC18.
220 M.C. Onojake et al.begin to show ‘‘cloudiness’’. The cloudiness forms as a ‘‘ﬁnite
and detectable’’ amount of wax or waxy crystals. The values
for the cloud point for samples KD01, KD02 and KD03 range
from 5.00 C to 8.00 C while U45, U2T, U4L, U7L samples
range from 3.00 C to 12.00 C. It was observed that crude oils
from these ﬁelds under investigation have low wax content.
Other bulk parameters determined for the crude oils sam-
ples are moisture and gum contents. The moisture content of
crude oils is an important quality determining parameter.
The moisture content of KD 01, KD 02 and KD 03 ranges
from 0.13% to 0.38% and those of samples from U45, U2T,
U4L, U7L ranges from 11.00% to 12.00%. Water present in
crude oils is difﬁcult to remove if it is in colloidal form. This
implies that the ﬁrst set of crude oils samples are of a higher
quality considering their water content.
The gum content is the measure of the degree of unsatu-
rated hydrocarbons in crude which can easily combine with
atmospheric oxygen to form a non volatile sticky substance
called gum. The gum content of samples KD 01, KD 02 and
KD 03 ranges from 30.03 to 45.85 mg/L while that of U45,
U2T, U4L, U7L ranges from 6.27 to 15.13 mg/L. This implies
that the ﬁrst set of samples have higher unsaturated hydrocar-
bons than the second sets of samples.
3.2. Normal alkane and isoprenoid distribution
The saturated fraction of a representative crude oil sample is
shown in Fig. 2, n-alkanes from n-C8 to n-C37 are seen in the
chromatograms. Low molecular weight hydrocarbons (<n-C8)
were not observed, probably because of evaporative loss during
sample processing. In crude oil correlation, the ratios of
isoprenoids to n-parafﬁn are often used for oil-source correla-
tion, maturation and biodegradation studies [1,18]. Variousratios of isoprenoids to n-alkanes were computed such as the
Pr/Ph, Pr/n-C17, Ph/n-C18, nC25/nC18, (Pr + C17)/(Ph + C18),
(Table 3). The crude oil samples have a high Pr/Ph ratio which
ranges from 1.88 to 4.05. Pr/Ph ratios were used to assess the
depositional environment of the crude oils. The high Pr/Ph
ratios suggest that oils are derived from source rock with a
signiﬁcant terrestrial contribution, deposited in an oxic
paleoenvironment [19,20].
Several authors have used a plot of Pr/n-C17 versus Ph/n-
C18 to classify oils and rock extracts in different groups as
shown in Fig. 2, Source, maturation, migration and biodegra-
dation are the major factors responsible for differences in
crude oil composition. Values less than 1.0 are indicative of
non-biodegraded oils. Both Pr/n-C17 and Ph/n-C18 decrease
with maturation due to increasing prevalence of the n-paraf-
ﬁns. The values of Pr/Ph, Pr/n-C17 and Ph/n-C18 for analysed
crude oils are given in Table 3. Pr/n-C17 and Ph/n-C18 ratios
have been widely used as indicators of source rock types, depo-
sitional environments and organic matter maturation [23,24].
The lower Pr/n-C17 and Ph/n-C18 ratios in most of the studied
samples are probably being caused by their maturity in addi-
tion to the source of organic matter. Generally, the Pr/n-C17
and Ph/n-C18 ratios decrease with increasing thermal maturity
[24].
All Samples have Ph/n-C18 values less than one (<1.0) indi-
cating that these samples are non biodegraded [20,22].
Fig. 3 also shows that the crude oils under investigation are
from mixed organic matter source.
3.3. Carbon preference index (CPI)
Carbon Preference Index was the ﬁrst maturity indicator ap-
plied to crude oils [17]. Some researchers observed immature
Figure 3 Cross plot of pristane/phytane versus carbon preference index (CPI).
Figure 4 Gas chromatogram of crude oil sample U2T from Umutu ﬁeld.
Figure 5 Gas chromatogram of crude oil sample U7L from Umutu ﬁeld.
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Figure 8 Gas chromatogram of crude oil sample KD01 from Bomu ﬁeld.
Figure 6 Gas chromatogram of crude oil sample U45 from Umutu ﬁeld.
Figure 7 Gas chromatogram of crude oil sample U4L from Umutu ﬁeld.
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Figure 10 Gas chromatogram of crude oil sample KD03 from Bomu ﬁeld.
Figure 9 Gas chromatogram of crude oil sample KD02 from Bomu ﬁeld.
Preliminary hydrocarbon analysis of crude oils 223rocks often had high CPI values (>1.5), whereas those of ma-
ture oils were almost always below 1.0. Listed in Table 3 are
the values of CPI of the crude oil samples. All the values
are above1.0 except sample UMT 7L with a value of 0.72.
The implication is that the crude oils are matured [21].
4. Conclusion
Examination of the preliminary characteristics of the crude oils
under study showed two groups of crude oils with similar char-
acteristics but two different sources. Saturated hydrocarbon
molecular composition of these crude oils revealed that the oils
were formed in source rocks containing mixed kerogen (marine
and terrestrial) deposited in an oxic environment. The aliphatic
biomarker maturity parameters show that the oils were formed
from early mature source rocks but lacked any maturity
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